Since Kleitman (1963) proposed the concept of the Basic-Rest Activity Cycle (BRAC), a number of studies have shown the evidence supporting the existence of ultradian rhythms in various physiological and behavioral functions, with a period of about 90 min (Lavie, 1982) . Significant ultradian fluctuations in daytime vigilance level have been also observed (Okawa, Matousek, & Petersen, 1984) . These results suggest that daytime sleepiness may occur periodically.
However, only a few studies have been published regarding ultradian rhythms in daytime sleepiness.
Which measures are useful to investigate the temporal structure of daytime sleepiness?
Multiple Sleep Latency Test (MSLT: Carskadon & Dement, 1979) , Stanford Sleepiness Scale (SSS: Hoddes, Dement, & Zarcone, 1972) , EEG spectra (Gevins, Zeitlin, Ancoli, & Yeager, 1977) , and so forth have been frequently used to evaluate sleepiness. These are helpful and reliable measures for evaluating sleepiness. However, the results differed somewhat among the measures, although sleepiness was tested for the same subjects (e. g. Carskadon & Dement, 1981; Horne & Wilkinson, 1985) . This discrepancy may be explained by the reason that the results obtained from these measures arc expressed as the complex of components both common to all measures and unique to each of the measure, which are influenced by the various methodological manipulations.
If daytime sleepiness occurs periodically according to ultradian rhythm, about 90 min cycle should be observed for all sleepiness measures.
If only one measure is used, however, it is difficult to determine whether observed periodicities are attributed to the basic structure of sleepiness or to unique components in the measures.
Hence, in order to examine the temporal fluctuations of daytime sleepiness, it is necessary to exclude the unique components included in the measures and to extract the common components among them.
It is also necessary to use several sleepiness measures simultaneously.
The aim of this study is to assess the possible existence of the basic tilt radian components of daytime sleepiness.
In the study, we used principal component analysis (PGA) based on the structure of correlation between the sleepiness measures to extract the common components. Using the obtained principal components (PCs), the characteristics of temporal fluctuations of daytime sleepiness were investigated.
Method

Subjects
Eight male students, aged 19-22 yrs, participated in the study, They reported habitual sleep time of 7-8 h nightly and daily naps less than twice weekly. They were also drug free, and had EEG alpha waves with more than 10% of their waking records (Johnson, Lubin, Naitoh, Nute, & Austin, 1969) .
Sleepiness, Measures
In the present study we used three measures: MSLT, Kwansei-Gakuin Sleepiness Scale (KSS: Ishihara, Saito, & Miyata, 1982) , and EEG spectra.
MSLT.
MSLT is a method to measure the latency to stage l sleep in a quiet, darkened room.
The shorter the latency is, the sleepier the subject is. According to the standard procedure (Carskadon & Dement, 1979) , the sleep latency on the MSLT was defined as the time elapsed from the light off to the onset of stage l. In the present study, our procedure was different in two ways from the standard one (Carskadon & Dement, 1979 (Hori, 1979 (Hori, , 1985 . Rechtschaffen and Kales (1968) .
Time series analysis. The lost samples at lunch time (1200) were replaced with values linearly interpolated. To estimate the ultradian periodicities, the power spectral analysis was then performed on time series by the maximum entropy method (MEM). The advantage of this method is that power spectra density with greater frequency resolution can be obtained than the Fourier Transformation (Tsuji & Kobayashi, 1988) . Using the MEM, power spectra in each time series were computed for 41 spectral frequencies from 4 to 24 cycles/day with 0.5 cycles/day resolution. Spectral peaks were then identified as follows: three adjacent frequency bands on each side of the peak were monotonic decreasing function ( Johnson et al., 1969) , and the amplitude of the peak frequency was greater than the mean amplitude of the spectra.
Principal component analysis. An application of PCA for time series data was tried by Tsuji and Kobayashi (1988) . They extracted ultradian components of waking EEG activities by PCA. In the present study the aim of PCA was to extract the common components among the sleepiness measures. The correlation coefficients between the measures show the ratio of the variance of common components to the total variance. And the remainders obtained after subtracting the variance of common components from the total variance show the sum of variance of unique components included in the measures. Therefore, the components correlated with each sleepiness measure are extracted as the common components, and the corn-components of daytime sleepiness 131 
Results
All Night Sleep Table 1 presents the amounts of sleep of each stage obtained during the night sleep for each subject.
The total sleep times were about 7.5h for 6 of eight subjects. Although the total sleep time for Sub. 6 was 362 min, it might be considered within the limits of a normal night sleep. This data suggests that the effects of extreme sleep reduction or sleep loss was negligible on daytime sleepiness in this study. Figure 1 illustrates an example of time series constructed from raw data of each sleepiness score (Sub. 7). Daytime fluetuations arc clear in all sleepiness indexes. Figure 2 illustrates the power spectra in Fig. 1 data. Several peaks are presented for all sleepiness indexes. The spectra in the MSLT panel peaked at 10.5, 15 and 22 cycles/day.
Sleepiness Fluctuations
Similarly, the spectra in the KSS panel peaked at 18 cycles/day, 10 and 18.5 cycles/day in the EEG delta, 9 and 14 cycles/day in the EEG theta, and 9 and 18 cycles/day in the EEG alpha panel. Thus about two kinds of perio-TIME OF DAY Fig. 1 . An example of the time series constructed from raw data of each sleepiness measure. Data from subject 7.
which were similar to Kleit-BRAG. Other subjects also showed similar pattern. Figure 3 illustrates the histograms of peak frequencies identified from all sleepiness measures for all subjects. Dominant frequency components are observed in all measures panels of this figure.
In MSLT and KSS scores the most dominant peaks were in the BRAC frequency range (14-15 cycles/day). And the slower frequency (9 cycles/day) was the most prominent in EEG theta and alpha activities. The bottom of Fig. 3 illustrates the histogram of the peaks from the five sleepiness measures.
The predominant peaks were observed in the 9 cycles/day (160 min/cycle) frequency band. This data shows the presence of ultradian rhythms in daytime sleepiness.
In spite CYCLES/DAY Fig. 2 . An example of power spectra in figure 1 data, using maximum entropy method (MEM). Several peaks arc shown in all sleepiness measures. 
Extraction of Common Sleepiness Components by PCA
Factor loadings of PCs refer to the correlation between the PCs and the sleepiness measures.
Although the structure of correlation for each PC was different among the subjects, the first three components accounted for about 80% (77.5-88.4%, mean 83.5%) of the total variance CYCLES/DAY for all subjects. PC scores of these three components were then computed. Figure 4 illustrates an example of PC scores based on the data in Fig. 1 (Sub.  7) . Figure 5 presents the power spectra in Fig. 4 data.
The first principal component (PC-1) peaked at 10.5, 15 and 22 cycles/day. Peak frequencies of 6.5 and 17.5 cycle/day were observed in PC-2, and 10 and 20 cycles/day in PC-3. In other subjects several peaks were also observed in all PCs. Figure 6 illustrates the histogram of the peaks identified from each TIME OF DAY Several predominant peaks are observed in the same PC scores. of the three PCs for all subjects. Several dominant frequency components were observed in the PC scores. The bottom of Fig. 6 illustrates the histogram of all peaks from the three PC scores. In contrast to the sleepiness measures (Fig. 3) , the most dominant peak was observed in the 15 cycles/day frequency band, corresponding to the Kleitman's BRAC. And the subdominant frequency bands were observed in the much slower 8 and 10 cycles/ day (180 and 144 min/cycle), and much faster 22 cycles/day (65 min/cycle).
Discussion
Two factors have been discussed on daytime sleepiness in normal individuals: the amount and quality of prior sleep, and the phase of the circadian rhythm . Concerning the amount of night sleep, several studies have investigated the effects of sleep deprivation (Carskadon & Dement, 1979; Hoddes, Zarcone, Smythe, Phillips, & Dement, 1973) and sleep reduction (Carskadon & Dement, 1981; Horne & Wilkinson, 1985) CYCLES/DAY Fig. 6 . Histogram of peaks identified in the three PC scores for all subjects. The bottom illustrates all peaks from the PC scores. (Fig. 6) were observed in PC scores. These results show that the ultradian nature of daytime sleepiness is not always simple. On the other hand, the prominent 9 cycles/day fluctuations in the sleepiness measures (Fig. 3) were not observed in PC scores. This frequency hand may represent a unique component in the measures. Several reports have shown long and short ultradian periodicities. Okawa et al. (1984) observed that daytime vigilance fluctuations occur with periodicities widely ranging from 60 to 110 min. Lavie and Zomer (1984) also reported that daytime vigilance levels are regulated by circadian and at least two ultradian components. Tsuji and Kobayashi (1988) reported ultradian rhythms in EEG activities with periods of 100 min and 3-8 h. Manseau and Broughton (1984) observed 3 h/cycle fluctuations in the theta EEG bandwidth. These data suggest the existence of the multi-oscillatory system in ultradian rhythms (Lavie, 1982) . Our results revealed several rhythmic fluctuations in daytime sleepiness other than 90 min period.
Although Manseau and Broughton (1984) argued that the 3-4 h/ cycle may be a subharmonic of 90 min/ cycle, the observed periodicities in the present PC scores are not considered harmonics or subharmonics of one another. Present data supports Lavie's (1982) multioscillator hypothesis.
It may now be important to point out the possibilities that the present procedures could effect as an experimental bias. First, daytime sleepiness was tested at 30 min intervals in the present study. Since this sampling time is too short to detect cycles less than 60 min, it is not clear whether there are basic ultradian components of daytime sleepiness with periods of less than In order to investigate the extent to which these components will influence human behavior, further studies will be needed.
